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Subject: 
Title: 
Abstract . 
Semi-annua Status Report 
N A S A  Grant NGR- 12 - 001- 012 
"Search for Biological Precursor Molecules in 
Vo 1 c ani c Vo 1 a t i 1 e S y s t em s . " 
The general plan of research consists of the following two 
parts as outlined in previous reports - (1) an investigation of 
the natural volcanic gaseous system for its elemental and 
molecular composition, with particular emphasis on compounds of 
biological importance which might be present in trace quantities. 
(2) a field and laboratory investigation of the equilibrium 
molecular and free radical components to be found in gaseous 
systems which contain the major elements (0, H, C, S, N) of 
volcanic gas. This last is pertinent since we have found from 
work on Hawaiian volcanoes that the gases are a homogeneous 
system in thermodynamic equilibrium. Investigations of pockets 
or vesicles of gas in newly erupted lavas, and of similar 
gaseous or fluid inclusions in ultrabasic nodules found in lava, 
which seem to have a deep-seated source, also are being made 
with the search for prebiotic components as the objective. 
For accomplishments during the recent period we may list 
the following: (I) Further analysis results following the 
trends in the gas composition of Makaopuhi lava lake and Sulfur 
Bank fumarole during this period. (11) The construction and 
testing of a high dispersion spectrometer for the measurement of 
emission and absorption spectra. This now is ready for field 
use during the next eruption. (111) The setting up of refluxing 
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systems over lava lake drill holes to simulate the thermal 
system which might evolve prebiotics In a volcanic or fumarole 
situation. (IV) Further work on the extraction and analysis 
of gases from inclusions in ultrabasic nodules from deep 
crustal  source^. 
No results of a real "breakthrough" nature can be reported 
as of this period from the above work. 
4. General Results. 
(A) Gas Collections - For the volcanic gas collection 
phase, in work of this character depending on the unpredictable 
conditions at erupring vents, the field investigations are very 
much "researches-of-opportunity." Since 1960 they have been 
patterned by the occurrence of three flank eruptions of 
Kilauea (Kilauea Iki 1959-60, Alae - 1963, and Makaopuhi - 1965) 
which partly filled old pit craters with molten lava lakes. The 
lakes quickly crusted over, but have molten lava cores which 
will continue to solidify for some years (Kilauea Iki and 
Makaopuhi--Alae has solidified completely). Procedures for 
drilling through the crust and into the liquid core have been 
developed by the staff of the Hawaiian Volcano Observatory, 
U. S. Geological Survey. These lakes have given us an unprece- 
dented opportunity for studies of the geology, mineralogy, 
physics and chemistry of large molten rock bodies and the 
solidification processes in such systems. In our recent 
researches on volcanic gas, we have concentrated on collections 
and measurements made to follow the degassing process at these 
unique sites. On Christmas Eve 1965, a short eruption occurred 
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a d j a c e n t  t o  A l o i  c r a t e r .  C u r r e n t l y  t h e  imminence of an o u t b r e a k  
i s  i n d i c a t e d  by t h e  seismic p a t t e r n  and summit s w e l l i n g  a t  
K i l a u e a  Volcano. 
5 .  S p e c i f i c  Accomplishments.  
( I )  R e s u l t s  of Gas A n a l y s i s  - D e t a i l s  of g a s  c o l l e c t i o n  
p r o c e d u r e s ,  a n a l y s i s  t e c h n i q u e s ,  and r e s u l t s  o b t a i n e d  from 
p r e l i m i n a r y  work have been g iven  i n  p r e v i o u s  r e p o r t s .  No 
u n u s u a l  or s p e c t a c u l a r  o b s e r v a t i o n  which would be r e l e v a n t  t o  a 
s e a r c h  f o r  p r e b i o t i c s  h a s  been made d u r i n g  r e c e n t  work. 
Recent  c o l l e c t i o n s  made from Makaopuhi l a v a  l a k e  have 
r e i n f o r c e d  o u r  c o n c l u s i o n s  a s  t o  t h e  g e n e r a l  t r e n d s  i n  t h e  
g a s  c o m p o s i t i o n  a s  ment ioned i n  o u r  l a s t  r e p o r t .  These t r e n d s  
may be  n o t e d ,  as f o l l o w s :  
1. The thermodynamfc v a r i a t i o n  of o x i d i z e d  t o  reduced  
s p e c i e s  i s  found as  one goes  from c o l d  t o  h o t  a r e a s - - s a y ,  from 
edge t o  c e n t e r  of l a v a  l a k e ,  o r  from t o p  t o  bot tom i n  a d r i l l  
h o l e .  These a r e  no ted  ma in ly  i n  t h e  oxygen p a r t i a l  p r e s s u r e  
v a r i a t i o n s ,  and have  been  mentioned p r e v i o u s l y .  
2.  A l a r g e  d e c r e a s e  i n  t h e  c a r b o n  d i o x i d e  c o n t e n t  from 
t h e  a c t i v e  l a v a  immedia te ly  a f t e r  e r u p t i o n ,  t o  t h e  p r e s e n t  
l a v a  l a k e ,  when t h e  c o n t e n t  becomes minor  and c o n s t a n t  a t  
a p p r o x i m a t e l y  0.037, ( a i r  f ree) .  
3. A p o s s i b l e  d e c r e a s e  i n  t h e  free n i t r o g e n  c o n t e n t  d u r i n g  
t h e  h i s t o r y  of t h e  c o o l i n g  of t h e  l a k e .  
4. The appea rance  o f  methane i n  s m a l l  amounts i n  t h e  
l a t e r  h i s t o r y  of t h e  l a v a  l ake .  T h i s  would seem t o  p r e c l u d e  
a c o n t r i b u t i o n  from p y r o l y z i n g  v e g e t a t i o n  a s  an i m p o r t a n t  
component of t h e  g a s e s .  C o l l e c t i o n s  made from l a v a  f lows  
c o v e r i n g  v e g e t a t i o n  always show a l a r g e  c o n t e n t  of methane, 
and t h i s  i s  predominant  mainly i n  t h e  e a r l y  phases  of c o o l i n g  of 
t h e s e  f lows .  
5 .  A t r e n d  i n  t h e  s u l f u r  g a s e s  which t o  some d e g r e e  
p a r a l l e l s  t h e  b e h a v i o r  o f  carbon d i o x i d e - - a  l a r g e  c o n t e n t  i n  
newly e r u p t e d  l a v a ,  d e c r e a s i n g  t o  minor  amounts i n  t h e  l a t e r  
h i s t o r y  of t h e  c o o l i n g  l a v a  lake.  
(approx .  0.2%), w i t h  HgS a p p e a r i n g  on o c c a s i o n .  
a re  d i f f i c u l t  t o  p r e s e r v e  u n r e a c t e d  d u r i n g  c o l l e c t i o n  and 
a n a l y s i s .  
T h i s  gas i s  u s u a l l y  S O 2  
S u l f u r  g a s e s  
A g r a p h i c  i n d i c e t i o n  o f  t h e s e  t r e n d s  l e  p r e s e n t e d  i n  
F i g u r e  I, w i t h  a compar i son  t o  some of t h e  most f a v o r a b l e  
c o l l e c t i o n s  made p r e v i o u s l y  d u r i n g  e r u p t i o n s .  The d i s p a r i t y  
i n  t h e  c a r b o n  d i o x i d e  c o n t e n t  i s  n o t a b l e  w h i l e  t h e  c o n c e n t r a t i o n  
of s u l f u r  d i o x i d e  i s  l i t t l e  changed. T h i s  emphas izes  t h e  
d i f f e r e n c e  between a d e g a s s i n g  l a v a  sys t em p r e s e n t  i n  t h e  l a v a  
l a k e  and t h e  p r imary  v o l c a n i c  v e n t ,  and p r o b a b l y  i n d i c a t e s  f o r  
one t h i n g  t h e  lower r e l a t i v e  s o l u b i l i t y  of c a r b o n  d i o x i d e  i n  
l a v a  compared t o  t h a t  of s u l f u r  d i o x i d e .  
With c o l l e c t i o n s  of  g a s  made a t  S u l f u r  Bank fumaro le  
d u r i n g  t h e  p a s t  summer w e  have s u f f i c i e n t  d a t a  t o  b e g l n  t o  n o t e  
a r e l a t i o n s h i p  between t h e  c o n c e n t r a t i o n  of  t h e  s u l f u r  components 
of t h e  g a s  and t h e  s t a g e  of a c t i v i t y  of t h e  a s s o c i a t e d  v o l c a n o  
R i l a u e a .  , T h e s e  r e s u l t s  are  shown i n  F i g u r e  2, where t h e  sum 
o f  t h e  s u l f u r  g a s e s  (H2S and SO2)  d i v i d e d  by t h e  c a r b o n  d i o x i d e  
c o n t e n t  (which i s  used  a s  r e f e r e n c e  s i n c e  i t  is r e l a t i v e l y  
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constant), is p-otted against time. Vo,canic eruptive events 
at Kdilauea are shown by the stippled vertical bars. It will. be 
noted that there 2s a definite indication that sulfur gases 
increase greatly during activity, and there is some thought 
that this phenomenon might be used to indicate imminence of 
volcanic erupt ions. 
From this we judge that Sulfur Bank fumarole may have a 
unique connection to the Kilauea magma chamber, and would be a 
site which is indicated f o r  future collections for this research. 
Additionally this is the one collecting point from which we have 
been able to obtain samples with zero or negligible air 
contamination, another indication of the primordial nature of 
its volatiles, and freedom from contamination by air or 
meteoric waters. 
(11) Volcanic Spectrometrx - In a previous report, some 
encouraging results were shown for absorption spectra taken by 
pointing a small spectrometer down into lava lake drill holes. 
Further work has not verified these results, and it has been 
found that even with a high intensity zirconium source present 
at the bottom of the hole, no significant absorption spectra 
could be obtained from the column of gas. It was concluded that 
the previous results were accidental and spurious, and that the 
experiment conducted i n  the drill holes at this late stage of 
the lava lake development was not hopeful because of the very 
small contribution of absorbing species from rock degassing. It 
was also concluded that spectrometry would be a valuable approach 
to the detection of significant concentrations of prebiotic 
. - *  
molecules or fgagaoento during an actual eruption, or in a lava 
lake immediafely affet eruption when the concentration would be 
maximal. Accordingly it was decided to proceed with the 
construction of a high resolution field rpectrometer. Reiner 
6ogue1, who holds the post doctoral fellowrhip under this grant, 
has devoted a good deal of his time during the past months to 
the perfection of this instrument. Construction was carried 
out by purchare of a small Jarrel-Aeh monochromator and the 
extensive modification of it to take a variety of film holder6 
(to accomodatc Polaroid and 35 mm infrared film), Arrangements 
also were made for taking comparison spectra, for  distant 
focusing, and for a continuum source for absorption work. The 
instrument has been finished in anticipation of an eruption which 
is expected momentarily from all auspices, and has been tested 
by obtaining good spectra from small neon advertising signs 
about three miles distant. It i o  believed that the instrument 
will be most useful and it io hoped that it will give some 
unique information from the next eruption. 
(111) Lava Drill Hole Reflux System - In an effort to 
simulate the conditions which might exist at a fumarole or 
degasaing lava body, where primitive volatile8 could percolate 
through and exchange with an earlier evolved condensed phase 
(presumpblp aqueous), a field condenser system was ret up at 
one of the drill holes at Makaopuhi lava lake. Thie might be 
considered to be a field version of the classic Miller-Urey 
experiment, or perhaps of the Sidney Fox variation of it, since 
the energy source is thermal. The set-up used is shown in 
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F i g u r e  3. A s i n g l e  p r e l i m i n a r y  r u n  was made f o r  o n l y  a few 
h o u r s ,  and t h e  s y s t e m  performed v e r y  w e l l .  T e s t s  of  t h e  c o l l e c t e d  
f l u i d s  were p o s i t i v e  f o r  ammonium ion and c h l o r i d e ,  n e g a t i v e  f o r  
c y a n i d e ,  and " i n  p r o c e s s "  for c a r b o n y l  and amino a c i d s .  I t  is 
hoped t o  s e t  u p  t h e  s y s t e m  f o r  a p ro longed  r u n  of  a few weeks i n  
t h e  n e a r  f u t u r e ,  when t h e  expe r imen t  would be more m e a n i n g f u l ,  
(IV) Gases from U l t r a b a s i c  Nodules  i n  V o l c a n i c  Lava - I t  
is w e l l  known t h a t  u n d e r  t h e  u s u a l  c i r c u m s t a n c e s  c e r t a i n  h i g h  
m e l t i n g  m a t e r i a l s  ( f o r  example,  o l i v i n e )  c r y s t a l l i z e  in t h e  
magma body b e n e a t h  a v o l c a n o ,  and t h a t  t h e  l a v a  a s  e r u p t e d  is 
a d i l u t e  mush of s d l i d s e u s p e n d e d  i n  t h e  major  l i q u i d .  I t  c a n  
be  shown t h a t  i n  some c a s e s  t h i s  c r y s t a l l i z a t i o n  t a k e s  p l a c e  
d e e p  i n  t h e  e a r t h  (4-10 k i l o m e t e r s ) ,  and r e c e n t l y  i t  has b e e n  
found  t h a t  most such  e a r l y  c r y s t a l l i t e s  c o n t a i n  a g a s  phase ,  
f r e q u e n t l y  c o n s i s t i n g  of l i q u i f l e d  c a r b o n  d i o x i d e .  I n  d a t i n g  
t h e s e  n o d u l e s  w e  h a v e  found t h a t  t h e  g a s  c o n t a i n s  r a d i o g e n i c  
h e l i u m  and a r g o n  and t h a t  t h e  "ages"  o b t a i n e d  may go back  t o  
6 b i l l i o n  y e a r s .  These  f l u i d  i n c l u s i o n s  most c e r t a i n l y  c o n t a i n  
g a s  which is uncon tamina ted  and p r i m o r d i a l ,  and would be  a 
p o s s i b l e  place t o  l o o k  f o r  b i o l o g i c a l  precursors of t h e  most 
p r i m i t i v e  t y p e .  
C u r r e n t l y  we are work ing  on methods f o r  d e t a i l e d  a n a l y s i s  
of t h e  g a s e o u s  component.  Microscopy h a s  shown t h a t  t h e  m a j o r i t y  
of  t h e  b u b b l e t s  e x i s t  a l o n g  h e a l e d  f r a c t u r e  p l a n e s ,  and c r u s h i n g  
p r e f e r e n t i a l l y  r e l e a s e s  t h e  g a s  f rom a l o n g  t h e s e  p l a n e s  of 
weakness .  A c c o r d i n g l y  most of t h e  work depends  on a r e l e a s e  of  
gas by c r u s h i n g ,  a l t h o u g h  d e c r e p i t a t i o n  and m e l t i n g  a l s o  a r e  used .  
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The work to date has consisted of the following: (a) 
Conetruction of a high pressure crushing device operating as a 
single action plunger (designed and built by Dr. Goguel). 
Currently this is under preliminary test. (b) Continued 
investigation of the inert gas occurrence pattern ueing mass 
spectrometry. (c) Development o f  gae chromatographic and mass 
spectrometric methods of analysis of the small quantities of 
gas involved. (d) Attemps to analyze the gas phase in situ in 
single crystals of the nodules by transmission and reflection 
infrared spectrophotometry. Since all of this work is in the 
early stages of development, no results are available ai yet. 
6. Personnel. 
Currently the work  ie proceeding with the u e e  of student 
help (V. Tesoro), one graduate student (R. Lennon), and the full 
time participation of a post doctoral fellow (R. Goguel). In 
addition staff and other graduate students give part time help 
to the project. 
